Caerulein and cholecystokinin (CCK) injection (i.v.) into rats caused about a 2.3-and 1.9-fold increase in serum amylase activity within 2 h, respectively.
Introduction
Our previous studies indicated that pilocarpine and isoproterenol affected rat parotid amylase in two ways; the stimulation of amylase secretion into the secretory ducts and the acceleration of amylase release into the blood1). The increase of amylase activity in the serum induced by these drugs was closely connected with intraductal pressure due to saliva secretion2,3). It is well established that amylase secretion from pancreatic acinar cells is stimulated by the intestinal hormone, cholecystokinin (CCK) 4-6. Some evidence supports a role for secretin in the release of proteins secreted by the pancreas4,7). Caerulein, a synthetic decapeptide analogue of CCK, also causes pancreatic secretion8,9 
Results
The total volume of secreted whole saliva was the highest after pilocarpine injection. Administration of isoproterenol strongly stimulated amylase secretion into saliva and depleted the enzyme content in the parotid gland. Caerulein and CCK caused a decrease in amylase activity in the pancreas. Serum amylase activity increased 2.26-, 1.91-, 2.43-, and 1.35-fold 2 h after the injection of caerulein, CCK, pilocarpine, and isoproterenol, respectively (Table 1) .
Parotid-type and pancreatic-type amylase in the serum was analyzed by the addition of anti-parotid amylase serum. Only the parotid-type amylase was increased in the serum for 2 h after the injection of pilocarpine or isoproterenol (data not shown).
Caerulein and CCK markedly increased pancreatic-type amylase, and significantly increased parotidtype amylase (Table 2 and 3 ). The rate of increase in both types was almost the same after either caerulein or CCK injection. Electrophoretic zymograms of serum amylase after caerulein or CCK injection are shown in Figure 1 . Isoamylase of the pancreatic-type Table 2 Serum amylase activity after administration of caerulein Table 3 Serum amylase activity after administration of CCK was detected within 10 min, and markedly increased up to 2 h after either caerulein or CCK injection.
Parotid-type amylase also increased significantly.
Discussion
Secretion of digestive enzymes from pancreas is regulated by hormones and neurotransmitters.
Amylase secretion from the parotid gland is regulated by adrenergic and cholinergic stimulation1) .Lampel and Kern10)reported that excessive doses of a pancreatic secretagogue (caerulein) led to severe disturbances of the secretory process and finally destroyed the exocrine pancreas. The primary event leading to this destruction was a premature fusion of condensing vacuoles and zymogen granules in the cytoplasma resulting in large vacuoles. The appearance of pancreatic-type amylase in serum after administration of caerulein or CCK is thought to be caused by excessive secretory stimulation of the pancreas leading to cellular destruction in acinar cells. Both caerulein and CCK increases pancreatictype amylase more than the parotid-type in the serum (Table 2 and 3) . We speculated that the large elevation of intraductal pressure might be the primary mechanism for the release of amylase from the parotid gland into the blood after administration of pilocarpine or isoproterenol3). With caerulein and CCK, the volume of whole saliva secreted from the parotid gland was very low ( Table  1 ). The mechanism of increase in parotid- type amylase activity in the serum caused by either caerulein or CCK injection seems to be different from that by either pilocarpine or isoproterenol injection into rats. Amylase isozymes in human serum were of pancreatic and salivary origin. Serum amylase isozymes of normal adult persons can be separated into two major isozymes (pancreatic isoamylase and salivary isoamylase) with high amylase activity and two or three minor ones with low amylase activity14). In patients with acute pancreatitis, increased amylase activities were observed on those of pancreatic origin15). While, amylase isozymes in rat serum were separated into one major band (parotid-type) and four minor bands. No pancreatic-type amylase was seen in normal rat serum (before CCK or caerulein injection). Pancreatic-type one was detected after either CCK or caerulein injection (Fig. 1) .
Some data indicate that amylase is produced in rat liver and that the perfused rat liver secretes amylase into the perfusion medium16,17). Further, Hammerton and Messer18) suggest that rat liver and serum amylase are identical and the major isozymes of liver amylase are electrophoretically identical with the major ones of the parotid. In addition, rat liver and serum amylase are identical and both are very similar to parotid amylase by using the antisera in immunodiffusion, immunoelectrophoresis and immunoinhibition experiments19). We reported that amylase isozymes in the saliva, parotid gland, serum and liver were identical in C57 BR/cdJ and M.m. molossinus (Kor) mice. But amylase activity in the liver was lower than that in the serum and liver amylase almost disappeared by perfusion20). Histochemical observation of the parotid gland and liver after the injection of caerulein and/or CCK remains to be further elucidated.
